ranging from 0.57 to 0.71 µg mL -1 (S/N > 3). Using an internal standard the 10 repeatability of the quantitative determination is improved almost four times. The 11 applicability of the method for rapid screening and determination of Sudan dyes is 12 corroborated by analyzing spiked chilli sauce samples with recoveries from 85 to 99%. 13
INTRODUCTION 19
Sudan dyes are a family of lipophilic synthetic organic colorants, characterized 20 by a chromophoric azo-group, extensively used in industrial and scientific applications 21 but banned as food colorants (1, 2). Sudan I, II, III, and IV (see Figure 1 ) are non-ionic 22 fat-soluble dyes used as additives in gasoline, grease, oils and plastics. These dyes are 23 classified by the International Agency for Research on Cancer (IARC) as category 3 24 carcinogens because they can induce some forms of liver and bladder cancer in animals 25 (3). Moreover, these dyes can generate metabolites that are converted to active 26 mutagens and carcinogens in humans (4). For instance, the azo group of these dyes can 27 be reduced to aromatic amines that are confirmed or suspected carcinogenic compounds 28 (5). Sudan dyes have been illegally added to foodstuffs to enhance the red-orange color 29 of products and easily used because of their low cost and wide availability. Due to the 30 continuing illicit use of Sudan dyes as food colorants including some recent episodes of 31 contamination of hot chilli and derived products from India and marketed in the 32 European Union (6), their determination in different food matrices, especially in 33 different chilli and tomato sauces and related products, has received increasing attention 34 during the last years (7, 8) . As a result, development of new and fast analytical methods 35 is still required for the identification and quantification of such compounds in 36 foodstuffs. 37
A wide variety of analytical methodologies have been developed for the 38 determination of Sudan dyes in foodstuffs as recently reviewed by Rebane et al. (7). 39
Among the different methodologies developed so far, the most popular are based on the 40 use of high performance liquid chromatography (HPLC) with optical (9-14), or mass 41 spectrometric detection (6, (15) (16) (17) (18) (19) (20) (21) . Although a great amount of information can be 42 obtained by these methodologies, they are time consuming, need large sample volumes, 43 generate large amounts of waste, or require bulky and expensive instrumentation. 44
Capillary electrophoresis (CE) has been shown as a powerful analytical 45
technique to analyze additives and organic contaminants in foods (22-24) including the 46 separation of Sudan dyes by MEKC with UV detection (25) and pressurized capillary 47 electrochromatography (CEC) with amperometric detection (26) . The work described 48
by Liu et al. (26) showed the baseline separation of Sudan I, II, III, and IV in hot chilli 49 powder within 7 min using capillaries of 20 cm packed with 1.5 m octadecyl silica 50 particles (ODS) with LODs from 0.8 to 1.2 M. On the other hand, Mejia et al. (25) 51 carried out the determination of Sudan I, II, III, and IV in chilli power using a MEKC 52 method based on the use of borate buffer containing SDS and acetonitrile (ACN). The 53
Sudan dyes were separated in 20 min with LODs from 0.1 to 0.6 g mL -1 . 54 CE provides high-speed, high-throughput, low waste generation, highly efficient and 55 reliable separations, and it offers a simple way to handle very small samples (nL). 56
However, it typically suffers from low concentration sensitivity as a consequence of the 57 limited sample volume and short path length for absorbance based detection. This paper 58 describes the development and application of the first capillary electrophoresis method 59 compatible with mass spectrometry (MS) for the simultaneous determination of Sudan 60 dyes (I, II, III, and IV). The described method is based on the use of a straightforward 61 sample preparation step followed by partial filling micellar electrokinteic 62 chromatography allowing a fast and inexpensive screening of the four Sudan dyes in 63 food samples. Moreover, the reported conditions are demonstrated to be compatible 64 with mass spectrometry (MS) detection. 65 66 67
MATERIALS AND METHODS 68

Reagents and solutions 70
All reagents were of analytical grade, solvents were of chromatographic purity 71 and water was purified using a Milli-Q system (Millipore, Bedford, MA, U.S.A.). ACN, 72 acetone, dichloromethane and methanol were of chromatographic purity and obtained 73 the four investigated dyes was explored. As can be observed in Figure 2A , the four 166 Sudan dyes were not separated when a concentration of 15 mM SDS was used, whereas 167 broader peaks were observed when 50 mM SDS was employed, obtaining a good 168 compromise between separation and peak broadening using 25 mM of SDS. Next, using 169 a concentration of 25 mM SDS the effect of the concentration of NH 4 
Method repeatability and quantitative analysis 192
The selected conditions of Figure 3 were employed to study the method 193 repeatability. As can be observed in Table 1 and it has similar solubility, electrophoretic mobility and extinction coefficient that the 199 studied compounds. Thus, the values of % RSD were improved more than 3 times for 200
Sudan I, II and III by using a relative peak area which was calculated dividing the 201 analyte corrected peak are by the I.S corrected peak area (see Table 1 ). However, the % 202 RSD value obtained for Sudan IV was still too high (25.4 %). This fact is probably due 203 to the low solubility of this analyte that causes poor peak shape (see Sudan IV peak in 204 Sudan dyes as can be deduced from Figure 4B . Under these new conditions, both 216 repeatability and sensitivity of the method were improved as can be deduced comparing 217 the results from Table 1 and 2. The LODs for Sudan I-IV were improved from 1.28-218 3.07 µg mL -1 to 0.57-0.71 µg mL -1 . In addition, the relative peak area repeatability for 219 Sudan IV improved from 25.4% to 8.8 %. Using these conditions, the inter-day 220 repeatability and the linearity of the method were studied. The results obtained for the 221 inter-day repeatability (see Table 2 for the separation of Sudan I, II, III and IV from a spiked chilli tomato sauce, namely, 244 the chilli tomato sauce was spiked with 2.5 μg mL -1 of Sudan I and II and 5 μg mL -1 of 245 Sudan III and IV. LOD slightly higher than those obtained for the standard samples 246 were obtained for chilli tomato sauce. Namely, the LOD was 0.68, 0.63, 0.94 and 1.25 247 μg mL -1 for Sudan I, II, III, and IV, respectively. This fact can be explained by both the 248 recoveries mentioned above (from 85 to 99%) and the presence of interferences from 249 the matrix that can negatively affect the separation and detection of the dyes. This figure  250 demonstrates the selectivity of the method developed in this work since it provides an 251 adequate separation between the Sudan dyes studied and the rest of constituents from 252 the complex matrix of the chilli tomato sauce. Intens.
